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I N T R O D U C T I O N  

High nV's and m u l t i p l e  s t a g i n g s  r e q u i r e d  to perform 
complex Mars l a n d i n g  and r e t u r n  maneuvers make gross Mars 
Excur s ion  Module (MEM) weight  ex t r eme ly  s e n s i t i v e  t o  t h e  we igh t  
o f  i t s  a s c e n t  ( s u r f a c e  to o r b i t )  c a p s u l e .  It i s  a p p a r e n t  from 
s imple  growth f a c t o r  examinat ions  t h a t ,  as a r e s u l t  o f  c a s c a d i n g  
s t a g i n g  p e n a l t i e s ,  t h e  a s c e n t  pay load  weight  i s  s i n g u l a r l y  t h e  
overwhelming f a c t o r  gove rn ing  gross MEM we igh t .  Achieving a 
minimum weight  a s c e n t  s t a g e  i s ,  t h e r e f o r e ,  t an tamount  t o  
a c h i e v i n g  a minimum weight  (and c o s t )  manned Mars l a n d i n g  
m i s s i o n .  

I n  t h i s  memorandum a p r e l i m i n a r y  s i z i n q  es t imate  o f  a 
MEM a s c e n t  s t a g e  (MEM/AS) i s  unde r t aken  w i t h  t h e  purpose  o f  
o b t a i n i n g  a r a t i o n a l  e s t i m a t e  o f  minimum u s e f u l  a s c e n t  payload  
w e i g h t .  The Mercury s p a c e c r a f t  i s  used as a s c a l i n g  r e f e r e n c e  
s i n c e  i t s  s i m p l i c i t y  of  d e s i g n  and o p e r a t i o n  a re  most c o n s i s t e n t  
w i t h  t h e  s p a c e c r a f t  concept  cons ide red  h e r e  ( s c h e m a t i c a l l y  shown 
i n  F i g u r e s  1 - 3 ) .  

s p a c e c r a f t  to accompl ish  r e l a t i v e l y  l i m i t e d  t a s k s  w i t h  s p e c i f i c  
o p e r a t i o n a l  o b j e c t i v e s .  Unlike Gemini and Apol lo ,  Mercury was 
n o t  s t r a p p e d  w i t h  p e n a l t i e s  i n h e r e n t  i n  v e h i c l e s  des igned  f o r  
h i g h  u t i l i z a t i o n  g o a l s  t o  accommodate a v a r i e t y  o f  s y s t e m s  and 
m i s s i o n s .  The advan tages  o f  employing Mercury as a s c a l i n g  t o o l  
are ,  however, compromised b y  outmoded ( 1 9 5 9 )  subsystem t echno logy  
which wi thou t  c a r e f u l  s c r u t i n y ,  cou ld  r e s u l t  i n  e x c e s s i v e  sub- 
s y s t e m  weight  e s t i m a t e s .  

I n  s u p p o r t  of t h i s  s t u d y  D .  E .  Cass idy  and t h e  a u t h o r  
v i s i t e d  McDonnell A i r c r a f t  ( p r i m e  s p a c e c r a f t  c o n t r a c t o r )  to 
d i s c u s s  d e t a i l e d  a s p e c t s  o f  t h e  Mercury d e s i g n .  T h i s  was 
p r i n c i p a l l y  to g a i n  an unde r s t and ing  o f  t h e  s i g n i f i c a n t  f a c t o r s  
c o n t r i b u t i n g  to Mercury subsystem w e i g h t s ,  and t o  a s c e r t a i n  
i n  view of succeed ing  e v e n t s  and advance,s i n  t h e  s t a t e - o f - t h e - a r t ,  
if these  w e i f l h k s  did i ndeed  r eDresen t  a v a l i d  measure f o r  s c a l i n g  
purpose (NASA-CR-89032)  P R E L I M I N A R Y  SIZING OF A N79-72504 

Mercury was an  a u s t e r e  sys tem des igned  as an  e x p e r i m e n t a l  
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ABSTRACT 

High A V ' s  and multiple stagings required to perform 
complex Mars landing and return maneuvers make gross Mars 
Excursion Module (MEM) weight extremely sensitive to the weight 
of its ascent (surface to orbit) capsule. It is apparent from 
simple growth factor examinations that, as a result of cascading 
staging penalties, the ascent payload weight is singularly the 
overwhelming factor governing gross MEM weight. Achieving a 
minimum weight ascent capsule is, therefore, tantamount to 
achieving a minimum weight (and cost) manned Mars landing mission. 

In this memorandum a preliminary sizing estimate of a 
MEM ascent capsule is undertaken with the purpose of obtaining a 
rational estimate of minimum useful ascent payload weight. The 
Mercury spacecraft is used as a scaling reference since its 
simplicity of design and operation are most consistent with the 
spacecraft concept considered here. 

' It is concluded that upon elimination of those Mercury 
design constraints not consistent with a Mars ascent capsule 
mission profile (i.e., reentry, surface launch abort capability, 
and life support redundancy) the weight of a ''derivative'' 
Mercury spacecraft would be reduced from 4,600 lbs (at launch) 
to under 800 lbs. Advances beyond the current state-of-the-art 
were not included to achieve these reductions. Employment of 
advanced systems coupled with refinements in operational pro- 
cedure would undoubtedly result in further substantial weight 
reductions. 

+ 

Some of the more important implications of these results 
are: 

1. One-man MEM ascent capsule weight seems to be com- 
patible with MSSR (Mars Surface Sample Return) launch 
capability to a highly elliptical capture orbit, and, 

2. A two-man l'llEPJI of less than 35,000 lbs gross weight 
appears to be feasible. 
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I n  t h e  main body of t h i s  r e p o r t  an  a s ses smen t  o f  
Mars a s c e n t  c a p s u l e  weight  i s  u n d e r t a k e n  which combines i n p u t s  
from t h e  McDonnell d a t a  as we l l  as s t u d i e s  per formed i f  a com- 
p a r i s o n  w i t h  mercury was n o t  j u s t i f i a b l e  due t o  a marked 
d e p a r t u r e  i n  m i s s i o n  r e q u i r e m e n t s .  

The p r e l i m i n a r y  p o r t i o n  o f  t h i s  memorandum d e s c r i b e s  
a nominal  MEM m i s s i o n  p r o f i l e  and c i t e s  t h e  g e n e r a l  ground 
r u l e s  upon which t h e  weight  a l l o c a t i o n s  were p r e d i c a t e d .  Also ,  
compar isons  o f  MEM/AS w i t h  t h e  LM and Apollo CM a r e  d i s c u s s e d .  
The pu rpose  i s  t o  h i g h l i g h t  t h e  b a s i c  d i f f e r e n c e s  between t h e s e  
s p a c e c r a f t  and MEM/AS which make them c o m p a r a t i v e l y  poor  
c a n d i d a t e s  f o r  MEM/AS s c a l i n g  compar isons .  

Miss ion  P r o f i l e  

The MEM a r r i v e s  i n  t h e  v i c i n i t y  o f  Mars w i t h  an 
O r b i t e r  m i s s i o n  module which,  v i a  r e t r o p r o p u l s i o n  or aerodynamic 
b r a k i n g ,  e s t a b l i s h e s  a h i g h l y  e l l i p t i c a l  ( 2 4  t o  48 h o u r )  c a p t u r e  
o r b i t  w i t h  p e r i p l a n e t  v e l o c i t y  s l i g h t l y  below e s c a p e  , i. e .  , a t  
abou t  1 6 , 0 0 0  f p s .  T h i s  o r b i t  i s  non-optimum f o r  MEM/AS a s c e n t ,  
b u t  i s  d e s i r a b l e  t o  minimize main module b r a k i n g  and r e t u r n  
i n j e c t i o n  v e l o c i t i e s .  The MEM separates  from t h e  p a r e n t  s h i p  
and descends  t o  t h e  s u r f a c e  e i t h e r  by  d i r e c t  e n t r y  ( p r i o r  t o  
t h e  c a p t u r e  maneuver) or from e l l i p t i c a l  o r b i t  by aerodynamic 
b r a k i n g  and r e t r o p r o p u l s i o n .  An a r b i t r a r y  s t a y t i m e ,  pe rhaps  
3 0  d a y s ,  i s  p r o v i d e d  d u r i n g  which t i m e  s u r f a c e  r e c o n n a i s s a n c e  
and expe r imen t s  a r e  performed.  The a s t r o n a u t s  r e t u r n  i n  t h e  a s c e n t  
s t a g e  and rendezvous  w i t h  t h e  p a r e n t  module i n  e l l i p t i c a l  o r b i t .  

Abort c a p a b i l i t y  i s  p rov ided  p r i o r  t o  e n t r y ,  f o r  a 
p e r i o d  o f  t i m e  s h o r t l y  b e f o r e  touchdown and from t h e  s u r f a c e  i n  
t h e  e v e n t  o f  s u r f a c e  s h e l t e r  f a i l u r e .  

The MEM d e s c e n t  v e h i c l e  i s  a cone or Apollo shaped 
e n t r y  s h e l l  whfch c o n t a i n s  hea t  s h i e l d ,  r e t r o p r o p u l s i o n ,  land-  
i n g  gear ,  t h e  r e t u r n  s t a g e ,  and pe rhaps  a l a b o r a t o r y  and s h e l t e r  
f o r  s u r f a c e  o p e r a t i o n s  ( s i n c e  t h e  l a t t e r  two i tems c a n ,  
a l t e r n a t e l y ,  b e  d e l i v e r e d  i n  a s e p a r a t e  v e h i c l e ) .  The  r e t u r n  
s tage  houses  d e s c e n t  command sys tem c o n t r o l  i n t e r f a c e s ,  t h e  
a s c e n t  c a p s u l e ;  and r e t u r n  p r o p u l s i o n  s t a g e s .  Abort  on e n t r y  
n e c e s s i t a t e s  t h a t  t h e  a s t r o n a u t s  r i d e  i n  t h e  a s c e n t  s t age  t o  
a l l o w  r a p i d  e s c a p e .  

The  r e l a t i v e l y  heavy e n t r y  l a n d i n g  sys tems ( i . e . ,  
cornputors,  gu idance ,  and communications subsys t ems)  a re  packaged 
i n  t h e  d e s c e n t  s t a g e  and connected t o  t h e  ascent/command c a p s u l e  
b y  u m b i l i c l e s  (or an i n d u c t a n c e  c o u p l e )  c a p a b l e  o f  be ing  broken 
immedia t e ly  i n  c a s e  o f  a b o r t  l a u n c h .  
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S u r f a c e  and a b o r t  l a u n c h  are a c h i e v e d  v i a  preprogram- 
med t r a j e c t o r i e s  t o  low c i r c u l a r  o r b i t .  A s i n g l e  o r b i t  c o a s t  
(or l e s s )  i s  a l lowed f o r  p o s i t i o n i n g  and o r b i t  d e t e r m i n a t i o n  
from t h e  main module v i a  h igh  g a i n  a n t e n n a .  T r a n s f e r  i s  
a c h i e v e d  s o  t h a t  t h e  MEM/AS i s  s l i g h t l y  ahead of  t h e  p a r e n t  
s p a c e c r a f t .  I n i t i a l  s e p a r a t i o n  i s  n o t  more t h a n  s e v e r a l  10's 
o f  mi les ,  and c l o s i n g  s t e a d i l y .  The MEM/AS i s  gu ided  by r a d i o  
command from t h e  main module d u r i n g  t h e  f i n a l  phases  o f  t h e  
rendezvous  sequence .  A t  r endezvous ,  t h e  a s t r o n a u t  e i t h e r  f l i e s  
t h e  MEM/AS i n t o  a prepared dock ing  area,  or l e a v e s  t h e  space-  
c r a f t  and maneuvers t o  t h e  main module by  EVA. A nominal  
m i s s i o n  t h e n  r e q u i r e s  an a s t r o n a u t  t o  l i v e  i n  t h e  a s c e n t  s t a g e  
f o r  pe rhaps  6 hour s  b e f o r e  l a n d i n g  and. 1 or 2 hours a f t e r  a s c e n t .  

Why Mercury and Not LM o r  Apollo CM 

P r e l i m i n a r y  s c a l i n g  es t imates  i n d i c a t e  t h e  MEM a s c e n t  
pay load  growth f a c t o r  ( r a t i o  o f  g r o s s  weight t o  p a y l o a d )  i s  
abou t  2 4  compared w i t h  a d e s c e n t  pay load  growth f a c t o r  of l ess  
t h a n  3.  T h i s  g i v e s  an  8/1 a s c e n t / d e s c e n t  " s e n s i t i v i t y "  r a t i o  
which i s  a good measure o f  t h e  r e l a t i v e  d e g r e e  t h a t  each  sub- 
s y s t e m  governs  MEM g r o s s  weight .  It i s  e v i d e n t  from t h e  s e n s i -  
t i v i t y  f a c t o r  t h a t  minimizing t h e  a s c e n t  s t a g e  w e i g h t ,  even  a t  
some expense  t o  t h e  d e s c e n t  s tage ,  u l t i m a t e l y  r e s u l t s  i n  t h e  
minimum MEM g r o s s  we igh t .  

Lunar Module S c a l i n g :  S i m i l a r  AV s c a l i n g  e x e r c i s e s  
f o r  LM, however, s u g g e s t  t h a t  i n  a l u n a r  m i s s i o n  a comple t e ly  
d i f f e r e n t  d e s i g n  phi losophy i s  p r e f e r r e d ,  and t h a t  i s  t o  mini-  
m i z e  t o t a l  i . e . ,  a s c e n t  p l u s  d e s c e n t  d r y  we igh t .  

d e s c e n t  and a s c e n t  A V ' s  g i v i n g  a 2 t o  1 s e n s i t i v i t y  r a t i o .  It 
i s  d i f f i c u l t  ( p r i n c i p a l l y  because  o f  reduced  packaging  e f f i -  
c i e n c y )  t o  s a v e  a pound of a s c e n t  d r y  weight  w i t h o u t  expending 
a t  l e a s t  1 1 / 2  t o  2 pounds o f  d e s c e n t  w e i g h t  i n  t h e  p r o c e s s ,  
t h u s  e f f e c t i v e l y  c a n c e l l i n g  any advan tage  i n  t h e  LM d e s i g n  
approach  f o r  MEM/AS. Design s i m p l i c i t y  de t e rmined  tha t  t h e  LM 
a s c e n t  s t age  s u p p o r t  t h e  combined f u n c t i o n s  of  t h e  command 
c e n t e r ,  s u r f a c e  s h e l t e r , a n d  a s c e n t  and d e s c e n t  crew q u a r t e r s .  

e n c e s  i n  t h e  s e n s i t i v i t y  r a t i o  LM i s  a poor  c a n d i d a t e  f o r  a 
MEM/AS s y s t e m s  d e s i g n  comparison. 

The Apol lo  CM per forms command 
f u n c t i o n s  which a re  analogous t o  t h e  main module i n  scope ,  
r a the r  t h a n  MEM/AS. The enormous complexi ty  of t h e  command/ 
e a r t n  a s c e n t / r e e n t r y / a b o r t  role Apol lo  p l a y s  makes it d i f f i c u l t  
to assess s p e c i f i c  s y s t e m  t r a d e o f f s  for a MEM/AS s c a l i n g  
comparison.  

The absence  of aerodynamic b r a k i n g  r e s u l t s  i n  matched 

The c o n c l u s i o n  i s  t h a t  i n  view of  t h e  marked d i f f e r -  

Apol lo  CM S c a l i n g :  
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Mercury/MEM/AS Comparison 

Simplicity of design and operation make Mercury the 
most logical candidate for MEM/AS scaling. 

Consider that the ascent capsule is designed solely 
to provide transportation from the surface of Mars to a parent 
module in parking orbit. No experiments are performed en 
route, communications and telemetry are minimal, and there are 
no operations that require man's functional mobility, so high 
volumetric efficiency can be achieved. In fact, design and 
environmental constraints imposed on MEM/AS are, in many re- 
spects, less severe and less complex than those of Mercury. 
For example, nominal return flight time from (Mars) surface 
launch through rendezvous is on the order of 2 hours with 
between 4 to 12 hours for emergency contingency,compared to a 
three day flight time for Mercury. The time factor alone 
suggests that considerable reduction in MEM/AS consumables, 
power, stability and control, and life support subsystem can 
be achieved. 

As another example, the ascent stage is to ride in- 
side a descent/landing capsule during Mars entry and is, 
therefore, completely protected from aerodynamic loads and 
heating. As a consequence, the heat shield and backup struc- 
ture required for Mercury are eliminated and the aero shell is 
considerably lightened. Entry penalties, costly in added 
stability control and guidance contingencies can, therefore, 
be discounted. 

Mercury Weight Breakdown 

Before entering further discussion, it is necessary 
to consider the Mercury weight breakdown so as to appreciate 
what the constituents of the commonly quoted 4600 lb gross 
launch weight are. 
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The Mercury weight breakdown is as follows: 

Weight (lbs) Comments Item 

Structure 615 Includes 75 lb 
couch 

Adapt e r- C ap s u 1 e t o 
Booster 

200 Jettisoned 
prior to entry 
Consumab les 
compartment 

Escape Escape tower 1119 

315 Heat Shield Other thermal 
environment 
penalties in 
structures 

306 Stability & Control 
Systems 

Completely re- 
dundant aut oma- 
tic and manual 
control 

317 

320 

Entry AV Retrograde Propulsion 

Landing Systems Chute, Floats 
etc. 

Instruments & Navigation 
Equipment 77 

510 Power 390 lbs, 
Electrical 120 
lb s 

Electrical Group 

Communications Gemini 60 lbs 

Environmental Control 
& Life Support 

Telemetry and Recording 

248 

116 

23 Recovery Gear 

Crew and Survival Equipment 

Parachute, floats, etc. 

261 

51 Experiments 

Ballast 0 

4600 Gr os s weight 
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The weights i n  o r b i t  and a t  r e c o v e r y  a r e ,  by compari-  
s o n ,  3266 l b s  and 2418 l b s ,  r e s p e c t i v e l y .  

The s u r f a c e  a b o r t  and aerodynamic r e e n t r y  phases  o f  
t h e  Mercury m i s s i o n  sequence,  a re  e l i m i n a t e d  i n  MEM/AS. The 
consequence o f  t hese  d i f f e r e n c e s  i s  s i g n i f i c a n t .  Mercury i n -  
c l u d e d  a n  e s c a p e  tower  t o  house a h i g h  t h r u s t  p r o p u l s i v e  u n i t  
which weighed 2 0 %  of t h e  t o t a l  Mercury l a u n c h  weight .  Besides 
t h e  b a s i c  e scape  s y s t e m  we igh t ,  c o n s i d e r a b l e  s t r u c t u r a l  p e n a l t y  
r e s u l t e d  from added l o a d s  on t h e  body s t r u c t u r e  d u r i n g  ea r th  
l a u n c h .  

E n t r y  s y s t e m s ,  i n c l u d i n g  heat  s h i e l d ,  r e t r o g r a d e  pro-  
p u l s i o n ,  and l a n d i n g  subsys tems,  can b e  d i s c o u n t e d  i n  t h e  MEM/AS 
d e s i g n  f o r  a n o t h e r  20% r e d u c t i o n .  

A s  s u g g e s t e d  from t h e  d i s c u s s i o n  o f  t h e  m i s s i o n  pro-  
f i l e  t h e  f o l l o w i n g  items may be immediately e l i m i n a t e d :  

Escape 1119 

Heat S h i e l d  315 

Re t rog rade  317 

Landing Systems 320 

Recovery Gear 23 

Exper iments  51  

TOTAL 2145 

T h i s  i s  47% of t h e  g r o s s  weight a t  l aunch .  

A d d i t i o n a l  Mercury Design P e n a l t i e s  

I n  t h e  i n i t i a l  des ign  o f  t h e  Mercury s p a c e c r a f t ,  two 
g u i d e l i n e s  were f i r m l y  e s t a b l i s h e d ,  (1) t o  use  e x i s t i n g  (1959) 
t echno logy  and o f f - the - she l f  equipment whenever p r a c t i c a l ,  and 
( 2 )  t o  f o l l o w  t h e  s i m p l e s t  most r e l i a b l e  approach  t o  s y s t e m  
d e s i g n .  Also ,  t he re  was no i n f o r m a t i o n  p e r t a i n i n g  t o  man's 
c a p a b i l i t y  t o  o p e r a t e  under  s p a c e  e n v i r o n m e n t a l  c o n d i t i o n s ,  
p a r t i c u l a r l y  w e i g h t l e s s n e s s .  

I n  t h e  c o u r s e  o f  d i s c u s s i o n  i t  becomes e v i d e n t  t h a t ,  
as a r e s u l t  o f  t hese  f a c t o r s ,  a s u b s t a n t i a l  p e n a l t y  i s  acc rued  
from numerous r edundanc ie s  and o v e r s i m p l i f i c a t i o n s  which f o r  
t h e  most p a r t  can b e  e l i m i n a t e d  i n  a w e l l  t e s t e d  MEM/AS s y s t e m .  
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Rather t h a n  a l l o c a t e  a cont ingency  f o r  e a c h  i t e m  d i s c u s s e d ,  
2 0 %  o f  MEM/AS g r o s s  weight  ( e x c l u d i n g  crew and  crew s u p p o r t  
equipment )  i s  a l l o t e d  f o r  small  sys t ems  backup and  bypass  
components.  

L i f e  Suppor t  

The MEM/AS nominal  r e t u r n  m i s s i o n  i s  approx ima te ly  
2 h o u r s  from l a u n c h  t o  rendezvous,  hence a 1 2  hour  c a p a b i l i t y  
p r o v i d e s  ample r e s e r v e .  I t  i s  q u e s t i o n a b l e  whether  ( a s  i n  
Mercury)  b o t h  a s p a c e  su i t / backpack  and a n  onboard env i ronmen ta l  
c o n t r o l / l i f e  s u p p o r t  sys tem are  n e c e s s a r y  f o r  a m i s s i o n  o f  
such  s h o r t  d u r a t i o n .  

Cons ider  t h a t  t h e  p r e s e n t  Apol lo  s p a c e  s u i t / b a c k p a c k  
sys tem w i l l  e n a b l e  a n  a s t r o n a u t  t o  l e a v e  t h e  LM f o r  a four -hour  
l u n a r  e x c u r s i o n ,  d u r i n g  which t i m e  no redundant  s p a c e c r a f t  
env i ronmen ta l  c o n t r o l  backup s y s t e m  w i l l  be  a v a i l a b l e .  While 
on t h e  l u n a r  s u r f a c e  adequa te  redundancy must b e  p rov ided  by 
t h e  backpack.  

The c u r r e n t  Apollo backpack weighs 68 l b s  o f  which 
48 l b s  i s  d r y  w e i g h t .  
for a volume o f  2 . 6  f t 3 . )  
p e r s o n n e l  ( R e f e r e n c e  1) i t  i s  es t imated  t h a t  w i t h  advanced 
t echno logy  ( i . e . ,  c u r r e n t l y  under  deve lopment )  a "12-hour" 
backpack w i l l  b e  ach ieved  f o r  t h e  p r e s e n t  "4-hour" backpack w e i g h t ,  
i . e . ,  a t  abou t  70  l b s .  For  t h e  p r e s e n t  i t  i s  assumed t h a t  i n  
o p e r a t i o n ,  t h e  backpack weight  i n c r e a s e s  t o  1 0 0  l b s  and t h e  

( T h e  package d imens ions  a r e  2 6 "  x 17" x 10" 
I n  d i s c u s s i o n s  w i t h  Hamilton S tanda rd  

volume i n c r e a s e s  by abou t  1 f t  3 . 
E s t i m a t i n g  a t o t a l  o f  1 0 0  l b s  ( c u r r e n t l y  s t a t e - o f -  

t h e - a r t )  f o r  l i f e  s u p p o r t  and 40 l b s  f o r  a s p a c e  s u i t ,  a 
t o t a l  of 1 4 0  l b s  i s  r e q u i r e d .  It i s  b e l i e v e d  t h a t  a redundant  
ECS/LS sys tem i s  unnecessa ry .  Accord ingly  t h e  248 l b  Mercury 
env i ronmen ta l  c o n t r o l  system i s  e l i m i n a t e d  i n  t h e  MEM d e s i g n .  

Fu r the rmore ,  it i s  i m p o r t a n t  t o  c o n s i d e r  t h e  envi ron-  
m e n t a l  d i f f e r e n c e s  between t h e  l u n a r  s u r f a c e  and t h a t  o f  t h e  
a s c e n t  s p a c e c r a f t  c a b i n .  The l u n a r  s u r f a c e  imposes a l i g h t / d a r k  
(or sun / shade )  d e s i g n  t empera tu re  d i f f e r e n t i a l  o f  o v e r  + 200'F. 
P a s s i v e  t h e r m a l  c o n t r o l  i n  t h e  s p a c e c r a f t  c a b i n  s h o u l d  r e d u c e  
t h i s  n e a r l y  an  o r d e r  o f  magni tude.  

A c l a s s i c  example of p a s s i v e  s p a c e c r a f t  thermal  c o n t r o l  
i s  t h e  O r b i t i n g  Ast ronomica l  Observa tory  which m a i n t a i n s  
t o l e r a n c e s  t o  l e s s  t h a n  s e v e r a l  t e n t h s  o f  a d e g r e e .  
c a p s u l e  d o e s ,  however, have t h e  a d d i t i o n a l  problem o f  m a i n t a i n i n g  
thermal  c o n t r o l  th roughout  l aunch .  P r e l i m i n a r y  c a l c u l a t i o n s  
i n d i c a t e  t h a t  aerodynamic h e a t i n g  and dynamic p r e s s u r e s  d u r i n g  

The a s c e n t  
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a s c e n t  t h rough  t h e  t enuous  Mar t ian  a tmosphere  i s  q u i t e  low. L i g h t  
weight  i n s u l a t i o n ,  o r ,  f o r  t h a t  m a t t e r ,  a p l a s t i c  shroud s h o u l d  
p r o v i d e  an a d e q u a t e  t h e r m a l  b a r r i e r  t o  p r o t e c t  b o t h  men and 
i n s t r u m e n t s  from t h e  s e v e r e s t  t e m p e r a t u r e s  and t e m p e r a t u r e  
g r a d i e n t s  e x p e r i e n c e d  d u r i n g  a s c e n t .  

An i m p o r t a n t  o f f s h o o t  of  t h i s  i s  t h a t  t h e  s p a c e c r a f t  
c a b i n  does  n o t  have t o  b e  p r e s s u r i z e d  or s e a l e d  to t h e  o u t s i d e  
envi ronment .  (The  c a b i n  i s  cons ide red  as  a s e p a r a t o r  r a t h e r  
t h a n  a p r e s s u r e  v e s s e l . )  The r e s u l t  i s  a s u b s t a n t i a l  r e d u c t i o n  
i n  t h e  weight  o f  t h e  s p a c e c r a f t  s k i n  s i n c e  i n  s p a c e c r a f t  d e s i g n  
a doub le  s h e l l  i s  r e q u i r e d  i n  a l l  p r e s s u r i z e d  areas  to s a f e g u a r d  
a g a i n s t  c a b i n  p r e s s u r e  l o s s  and t o  r e d u c e  l e a k a g e  r a t e s .  

S t r u c t u r e s  

The marked d i f f e r e n c e s  i n  s t r u c t u r a l  d e s i g n  c o n s t r a i n t s  
f o r  Mercury and MEM/AS a r e  a r e s u l t  o f  s e v e r a l  i n t e r a c t i n g  f a c t o r s  
which may be c l a s s e d  i n  t h e  two p r i n c i p a l  g r o u p i n g s  o f  1) l o a d s ,  
and 2 )  c o n f i g u r a t i o n .  

Loads 

T a b l e  1 summarizes t h e  fundamenta l  d i f f e r e n c e s  i n  
d e s i g n  l o a d s  f o r  t h e  two systems.  

c o n i c a l . s h e l 1  which s e r v e d  b o t h  as a p r e s s u r e  v e s s e l  t o  house 
t h e  a s t r o n a u t ,  and an a n  equipment b a y .  Aerodynamic and l a u n c h  
l o a d s  on t h e  s h e l l ,  a s ide  f r o m  t h e  bending  moments induced  by  
t h e  e s c a p e  tower ,  were columnar and compress ive .  S k i n s  were 
c o n s t r u c t e d  o f  minimum gage -010 i n c h  ma te r i a l  a t  u n p r e s s u r i z e d  
wall  s e c t i o n s  and a l l  p r e s s u r i z e d  a r e a s  were f a b r i c a t e d  w i t h  
d o u b l e  s k i n  c o n s t r u c t i o n .  P r e s s u r e  bulkheads  were a t  t h e  f r o n t  
( f i r e - w a l l )  and rear  of t h e  cab in .  The f r o n t  bulkhead was a n  
e l l i p t i c a l  dome w i t h  double  s k i n  c o n s t r u c t i o n  and e x t e n s i v e  c r o s s  
p a t t e r n s  of s t r i n g e r s  which provided  added s t r u c t u r a l  i n t e g r i t y .  

The Mercury s t r u c t u r e  c o n s i s t e d  o f  a capped,  t r u n c a t e d  

The s i g n i f i c a n t  s t r u c t u r a l  changes between t h e  Mercury 
d e s i g n  and a MEM/AS c a p s u l e  a r e :  

1. E l i m i n a t i o n  o f  a l l  double  l a y e r  c o n s t r u c t i o n  r e q u i r e d  
i n  p r e s s u r i z e d  a r e a s  , 

2 .  E l i m i n a t i o n  o f  escape tower s u p p o r t  s t r u c t u r e ,  

3 .  S u b s t a n t i a l  r e d u c t i o n  of  f r o n t  bu lkhead  s k i n  and 
s t i f f e n e r s ,  
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T e s t  

TABLE 1 

Comparison o f  Mercury and MEM/AS Design Loads 

1 4  p s i  p r e s s u r e  
d i f f e r e n t i a l  

E a r t h  l aunch  
~~~ 

launch/7g1 s 
Escape Tower l o a d i n g  
Aerodynamic l o a d s  

Recovery 

I 

F r e e  Space 

Chute B r i d l e  Shock 
Water r ecove ry  

5 p s i  p r e s s u r e  
d i f f e r e n t i a l  

Thermal 

Reen t ry  r een t ry /15 -20g1s  
aerodynamic p r e s  s u r e  
aerodynamic h e a t i n g  

Mars E n t r y  

Mars Ascent  

MEM/AS 

Zero p r e s s u r e  
d i f f e r e n t i a l  

l a u n c h / 7 g 1 s  

Thermal 

l o g ' s  
"Crade l"  s u p p o r t  
i n  d e s c e n t  s t a g e  
( i . e . ,  r edundan t  
s u p p o r t s  t h roughou t  
peak g p h a s e s )  

Low aerodynamic 

Low aerodynamic 
p r e s s u r e  - 

h e a t i n g  
Launch/ l  e a r t h  g 
Docking 
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4 .  E l i m i n a t i o n  of r ecove ry  bay  s t r u c t u r e  , and 

5.  Reduct ion  o f  s t r i n g e r  and l o n g e r o n  s t r u c t u r e  b y  
approx ima te ly  50%. 

The Mercury s t r u c t u r e  weighed 650 l b s .  Reviewing a 
d e t a i l e d  computer weight  breakdown which i n c l u d e d  a l i s t i n g  of 
a l l  s t r u c t u r a l  e l e m e n t s ,  McDonnell p e r s o n n e l *  es t imate  t h a t  a 
Mercury c a p s u l e  des igned  to t h e  above c o n d i t i o n s  would weigh 
approx ima te ly  250 l b s .  T h i s  f i g u r e  was a r r i v e d  a t  by c o n s i d e r -  
a t i o n  o f  t h e  e n t i r e  s t r u c t u r a l  assembly .  An example of  one o f  
t h e  more s i g n i f i c a n t  changes i s  t h e  a s t r o n a u t s  couch. The 
Mercury couch weighed 75 l b s .  McDonnell es t imates  t h a t  t oday  
a couch meet ing  t h e  same s p e c i f i c a t i o n s  can be b u i l t  f o r  
1 5  l b s .  

Conf i n u r a t i  on 

The Mercury c o n f i g u r a t i o n  i s  governed  b y  r e e n t r y  and 
aerodynamic l aunch  c o n s t r a i n t s ,  whereas  t h e  MEM/AS can  b e  more 
c l o s e l y  t a i l o r e d  t o  optimum packag ing  r e q u i r e m e n t s .  The condi-  
t i o n s  t h a t  must b e  c o n s i d e r e d  i n  t h e  MEM/AS d e s i g n  are:  

1. Mars e n t r y ,  

2 .  P re - l and ing  a b o r t  , 
3. S u r f a c e  touchdown, and 

4 .  Mars l a u n c h .  

A b c r t  n e c e s s i t a t e s  t h e  a s t r o n a u t  descend ing  i n  t h e  
a s c e n t  c a p s u l e  and, consequen t ly ,  t h e  a s t r o n a u t  must be con- 
s t r a i n e d  t o  a s u p i n e  c o n d i t i o n  to w i t h s t a n d  peak e n t r y  g ' s .  

S u r f a c e  touchdown i n  a p o s s i b l y  h o s t i l e  environment  
and  rugged t e r r a i n  makes i t  n e c e s s a r y  t h a t  t h e  a s t r o n a u t  have 
a c l e a r ,  u n o b s t r u c t e d  view o f  t h e  l a n d i n g  a rea .  T h i s  r e q u i r e -  
ment can be accommodated a t  a minimum we igh t  p e n a l t y  by employ- 
i n g  l a n d i n g  TV on t h e  descen t  s t a g e .  The f i e l d  of  view i s  
mon i to red  by  t h e  a s t r o n a u t  v i a  h i g h  r e s o l u t i o n  o r t h i c o n  i n s i d e  
t h e  a s c e n t  c a p s u l e .  The o r t h i c o n  can a l s o  be used  to moni tor  
o t h e r  l a n d i n g  subsystems which, to a c h i e v e  a s c e n t  weight  
economy, are mounted i n  t h e  d e s c e n t  s tage  and p i p e d  t o  t h e  
a s c e n t  c a p s u l e  d i s p l a y .  The u m b i l i c a l  c o n n e c t i n g  t h e  two 
s e c t i o n s  i s  a u t o m a t i c a l l y  seve red  a t  l aunch  or a b o r t .  

*J. J .  Moran, W .  Ready and J .  Windham. 



BELLCOMM, INC.  - 11 - 

With remote viewing, the ascent capsule can be com- 
pletely encased in the descent stage, so that protection from 
entry heating and aerodynamic loading can be provided. 

Mars launch imposes little in the way of physiologi- 
cal constraints since the loads are quite low (less than 1 
earth g) and the time spent in the capsule is relatively short. 
However, since the astronaut constitutes a considerable portion 
of the spacecraft weight, the controls problem makes it expe- 
dient that the astronaut be essentially motionless during the 
ascent and rendezvous thrust phases. 

In view of these considerations, it is estimated that 
the wetted area of the Mercury capsule can be reduced from 
118 ft 
reduction in structural weight. The prorated structural weight 
is thus on the order of 200 lbs or 2.2 lbs/ft . This is 
hardly unconservative in view of the improved strength to 
weight of composite materials which should become available by 
the early 1970's. Furthermore, this structure has not been 
optimized with respect to an ascent stage configuration. The 
aerodynamic shroud for example would weigh somewhat less than 
1 psf if advanced plastic composites were employed. 

2 to approximately 9 2  ft2, with a corresponding scaled 

2 

Adapter 

. The Mercury adapter serves as an equipment bay for 
consumables and retropropulsion, which along with the adapter, 
are jettisoned before reentry. MEM/AS does not make provision 
for this type of structure since consumables are small by 
comparison to Mercury, and no retropropulsion is required. 

Communications 

The Mercury communications weight is 119 lbs with 
the subsystem breakdown as follows: 

Item 

HF & VHF 

Weight (lbs. ) 

22 

S&C Band Tracking 33 

Command Receiver 13 

Common Units & Switching 13 

Structure Support and Brackets 32 

119 
- 



BELLCOMM, INC. - 12 - 

T h i s  weight  was ha lved  i n  Gemini t o  60  l b s .  
ma jo r  p o r t i o n  o f  t h i s  s av ings  was a c h i e v e d  t h r o u g h  s o l i d  s t a t e  
c i r c u i t r y  and m i n i a t u r i z a t i o n .  

The 

The MEM/AS communications sys tem i s  a marked d e p a r t u r e  
from t h a t  o f  Mercury and Gemini. The l a t t e r  f l i g h t s  were 
d e s i g n e d  t o  a l l o w  i n  s i t u  e v a l u a t i o n  o f  b a s i c  s c i e n t i f i c  and 
p h y s i o l o g i c a l  phenomenon, and t o  deve lop  man's o p e r a t i o n a l  
c a p a b i l i t y .  Achievement o f  t h e s e  g o a l s  was enhanced by an  
e x t e n s i v e ,  r e a l  t ime i n t e r p l a y  between s p a c e c r a f t  p e r s o n n e l  
and c o n t r o l  c e n t e r s  f o r  which an  e l a b o r a t e  communication system 
was p rov ided .  

During Mars e n t r y ,  l a n d i n g  and p r e l a u n c h  p r e p a r a t i o n s ,  
e x t e n s i v e  communications between MEM and t h e  p a r e n t  module i s  
d e s i r a b l e .  T h i s  i s  p rov ided  by a r e l a t i v e l y  e l a b o r a t e  communi- 
c a t i o n s  system on t h e  d e s c e n t  s t a g e ,  a t  l i t t l e  g r o s s  weight  
p e n a l t y .  Such a sys tem would, however, b e  q u i t e  c o s t l y  aboard  
t h e  a s c e n t  s t age ,  and ,  moreover,  i s  n o t  c l e a r l y  war ran ted .  The 
p a r e n t  module has s u b s t a n t i a l  down l i n k  c a p a b i l i t y  which i s  
p r o v i d e d  by a 2 0  t o  30 f t  onboard a n t e n n a .  It i s ,  t h e r e f o r e ,  
p o s s i b l e  t o  r e c e i v e  con t inuous  down l i n k  commands t o  which 
MEM/AS can r e spond  whenever n e c e s s a r y  v i a  a small o m n i - d i r e c t i o n a l  
a n t e n n a .  An up r a n g e  " i n t e r r o g a t i o n "  or Code l i n k  shou ld  p r o v i d e  
a d e q u a t e  exchange f o r  command d e c i s i o n s .  A s e l e c t i v e  up r ange  
v o i c e  l i n k  can ,  however, b e  provided  a t  minor  p e n a l t y .  I n  t h i s  
r e g a r d  t h e  f o l l o w i n g  i s  quoted from Refe rence  2 ,  p r e p a r e d  by 
R .  H .  Chen o f  Bellcomm: 

" A  Communication system u s i n g  e x i s t i n g  d e s i g n  has 
( i n  Refe rence  2 )  been o u t l i n e d  f o r  t h e  Ascent and 
Rendezvous p h a s e s  o f  a manned Mars l a n d i n g  m i s s i o n .  
The  s y s t e m  i s  s i z e d  t o  p r o v i d e  c o h e r e n t  r a n g e  and 
r a n g e - r a t e  t r a c k i n g  and two-way v o i c e / d a t a  func-  
t i o n s .  It was found t h a t  t h e  a d d i t i o n  o f  t h e  two- 
way v o i c e / d a t a  c a p a b i l i t y  t o  t h e  sys tem would 
r e q u i r e  1 0  wat ts  o f  RF power t r a n s m i t t e d  from t h e  
Manned Ascent Module compared w i t h  t h e  one watt 
RF power r equ i r emen t  wi thout  t h i s  c a p a b i l i t y .  By 
u t i l i z i n g  t h e  a v a i l a b l e  communication equipment 
( f i v e  pounds)  i n  t h e  ( c u r r e n t  Apo l lo )  backpack it 
i s  de te rmined  t h a t  t h e  weight  a d d i t i o n  needed t o  
implement t h e  two-way v o i c e / d a t a  i s  l e s s  t h a n  two 
pounds.  If 

T h e r e f o r e ,  i n  t h e  s e l e c t e d  MEWAS d e s i g n ,  e x t e n s i v e  
communications c a p a b i l i t y  i s  p rov ided  i n  t h e  d e s c e n t  s t a g e .  
The " a s c e n t "  communications system i s  s imi la r  t o  t h e  minimum 
sys tem d e s c r i b e d  above.  Es t ima t ing  2 l b s  f o r  communications 
and 3 l b s  f o r  t h e  u m b i l i c a l  and d i s t r i b u t i o n  system t h e  
a s c e n t  communications weight  i s  5 l b s .  
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Telemetry and Recording 

During MEM/AS ascent and rendezvous there is no need 
for telemetry transmission other than to monitor environmental 
and control system data for possible post mortum analysis, i.e., 
to disclose the nature of ascent vehicle failure if failure 
should occur. 
be accomplished via the descent stage communications/ 
telemetry link. 

All information transfer during descent is to 

The Mercury mission, by comparison, required exten- 
sive telemetry transmission since the performance of all sub- 
systems (especially man) were of interest. A substantial 
contingency was allocated for instrumentation which can be 
almost completely discounted in the MEM/AS design. The Mercury 
weight summary is as follows: 

Camera (Pilot) 7 
Camera (Instrumentation) a 
Telemetry Transmission, 
Power and Programmers 9 

Recorder 14 

Biomedical Instrumentation 14 

Environment Instrumentation 4 

Distribution System 5 1  

116 

In comparison of the 116 lb Mercury T&R weight, that 
of MEM/AS is estimated to be about 10 lbs. This includes 3 lbs 
for instrumentation and 7 lbs for the distribution system. 

Instrumentation and Navigation 

The instrumentation and navigation group includes 
computers and displays for monitoring environmental systems 
status data, and sequencing events. 

The weight of the Mercury package totals 77 lbs. 
McDonnell estimates that this weight could currently (on an 
item by item basis) be reduced to less than 50 lbs. 
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A fundamenta l  change i n  d e s i g n  ph i losophy  c o u l d ,  
however,  r e s u l t  i n  f u r t h e r  marked improvements.  Fo r  example,  
by employing a c u r r e n t l y  a v a i l a b l e  o f f - t h e - s h e l f ,  " i n t e g r a t e d "  
d i s p l a y  t h i s  weight  would be r educed  by more t h a n  ha l f  and y e t  
accommodate a l l  MEM/AS d i s p l a y  and computer  r e q u i r e m e n t s .  Here 
a l l  channe l s  are fed  d i r e c t l y  t o  a s i n g l e  computer and c a l l e d  
b y  keyboard command. The weight  o f  a s p e c i f i c  computer package ,*  
i n c l u d i n g  8000 word s t o r a g e  c a p a c i t y ,  dec ima l  d i s p l a y ,  keyboard ,  
and 24-hour power s u p p l y ,  i s  1 2  l b s  ( t h i s  s t o r a g e  c a p a c i t y  
compares w i t h  12,175 words f o r  Gemini ) .  Allowing 8 l b s  f o r  
t h e  d i s t r i b u t i o n  s y s t e m ,  and hookups t o  t h e  t e l e m e t r y  and commu- 
n i c a t i o n  ne tworks ,  a t o t a l  weight  o f  20 l b s  i s  es t imated .  
(By comparison t h e  Mercury c l o c k  a l o n e  weighed 8 l b s . )  The 
d i s p l a y  r e a d o u t  c o u l d  i n c l u d e  t e m p e r a t u r e ,  p r e s s u r e ,  v o l t a g e ,  
t i m e ,  and g e n e r a l  s y s t e m s  s t a t u s  da ta .  

[ A s  a p o i n t  of phi losophy i t  i s  n o t  c l e a r  t h a t  any 
d i s p l a y s  are w a r r a n t e d  onboard t h e  MEM/AS. Presumably a l l  
t e l e m e t r y  can be  s e n t  v i a  communications l i n k  d i r e c t l y  t o  t h e  
main module where i t  i s  t o  b e  moni tored  and ,  i f  n e c e s s a r y ,  s e n t  
downrange. The b a s i c  q u e s t i o n  t o  be  answered i s ,  can t h e  
a s t r o n a u t  t ake  e f f e c t i v e  a c t i o n  p r e d i c t e d  on d i s p l a y  data? It 
may b e  n o t e d  t h a t  d i s p l a y s  a r e  n o t  car r ied  on p a r a c h u t e s . ]  

S t a b i l i t y  and C o n t r o l  

Mercury S&C weight  t o t a l e d  206 l b s  which i n c l u d e s  
comple t e ly  r edundan t  manual and a u t o m a t i c  c o n t r o l s ,  and a 
r edundan t  r e a c t i o n  j e t  system. The weight breakdown i s  as 
f o l l o w s :  

I tem Weight ( l b s )  

Manual C o n t r o l s  26 

E l e c t r o n i c  & Block Boxes 
(Guidance)  

81 

P r i m a r y  and Redundant 60  
P r o p e l l a n t s  ( 2  @ 30 l b s )  

P r o p e l l a n t  I n e r t s  
( 2  @ 60 lbs) 

1 2 0  

Misce l l aneous  1 9  

*Con t ro l  Data Corpora t ion /Min ia tu re  P o r t a b l e  Computor 
S y s t e m .  
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RJS P r o p e l l a n t  was Hydrogen P e r o x i d e  ( H 2 0 2 ) .  The 
p r o p e l l a n t  i n e r t s  i n c l u d e  2 4  p i t c h  and .yaw t h r u s t e r s ,  6 roll 
t h r u s t e r s ,  and a l l  p r o p e l l a n t  c o n t a i n e r s  and plumbing.  Appro- 
x i m a t e l y  ha l f  o f  t h e  RJS p r o p e l l a n t  weight  was p r o v i d e d  f o r  
r e e n t r y  as was a c o n s i d e r a b l e  p o r t i o n  o f  t h e  e l e c t r o n i c s  
( g u i d a n c e )  package.  

S u b s t i t u t i n g  p r e s e n t  s t a t e - o f - t h e - a r t  Hydraz ine  
% 230)  i n  l i e u  o f  H 2 0 2  (Isp monoprope l l an t  ( I  

p e l l a n t  weight  r e d u c t i o n  of 31% can  b e  a c h i e v e d  on t h e  basis 
o f  t h e  improved s p e c i f i c  impulse .  Fu r the rmore ,  Hydraz ine  
a f f o r d s  a s i g n i f i c a n t l y  improved i n e r t  t o  p r o p e l l a n t  r a t i o  be- 
c a u s e  o f  t h e  s u b s t a n t i a l  d e c r e a s e  i n  c a t a l i s t  bed weight .  A s  
compared t o  2 lbs '  o f  H202 i n e r t s  p e r  l b  

Mercury, i t  i s  estimated t h a t  on ly  one pound of  i n e r t s  would 
b e  r e q u i r e d  p e r  l b  of  Hydrazine.  Matching the performance  o f  
t h e  Mercury RJS s y s t e m ,  t h e s e  m o d i f i c a t i o n s  r e s u l t  i n  42 l b s  
R J S  weight  as compared t o  90 l b s  

160), a pro-  
SP 

o f  p r o p e l l a n t  i n  

for t h e  H 2 0 2  s y s t e m .  

Mercury ( i n  orbit) i n e r t i a  i s  aDprox1matel.y f o u r  t imes 
t h a t  o f  MEM/AS. D i scoun t ing  a n  a d d i t i o n a l  f a c t o r  o f  one h a l f  
f o r  t h e  r e e n t r y  p r o p e l l a n t  a l l o c a t i o n ,  A C S  p r o p e l l a n t  weight  
i s  r educed  b y  a f a c t o r  of  8 ,  and weighs approx ima te ly  3 l b s .  
Rendezvous p r o p e l l a n t  must b e  i n c l u d e d  t o  de t e rmine  t h e  com- 
p l e t e  SC subsys tem weight.  

Rendezvous 

MEM/AS rendezvous o c c u r s  d u r i n g  t h e  outbound l e g  o f  
t h e  h i g h l y  e l l i p t i c a l  ( m a i n  module) o r b i t  where a n g l e  and p l a n e  
change c o r r e c t i o n  s e n s i t i v i t i e s  are low.  Moreover, s even  h o u r s  
are a v a i l a b l e  f o r  c l o s u r e  from t h e  t i m e  o f  i n i t i a l  o r b i t  t r a n s -  
f e r  t o  rendezvous .  Consequent ly ,  t h e  r e q u i r e d  rendezvous  AV 
budge t  i s  q u i t e  small. 1 0 0  f p s  i s  a c o n s e r v a t i v e  es t imate  o f  
t h e  v e l o c i t y  change r e q u i r e d .  Based on 1 0 0  f p s  and a MEM/AS 
we igh t  o f  800 l b s ,  t h e  RCS p r o p e l l a n t  weight f o r  rendezvous 
and A C S  i s  1 4  l b s .  P r o p e l l a n t  i n e r t s  we igh t s  are est imated to 
be 1 . 2 5  l b s  Der l b  of  p roDe l l an t  for t h i s  p r o p e l l a n t  
we igh t ,  s o  t h a t  t o t a l  i n e r t s  w e i g h t  i s  1 8  l b s .  

Guidance 

T h i s  e l e c t r o n i c s  group i n c l u d e s  gu idance  packages 
and  r e l a t e d  subsystems f o r  which t h e  combined Mercury weight  
i s  80 l b s .  
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The m i s s i o n  sequence f o r  MEM/AS i s  markedly  d i f f e r e n t  
f rom Mercury s o  t h a t  b e f o r e  a subsys tem comparison can  b e  under-  
t a k e n  many q u a l i f y i n g  f a c t o r s  must f i r s t  be c o n s i d e r e d .  

It i s  presumed t h a t  a l l  MEM/AS e n t r y  gu idance  s y s t e m s  
are c a r r i e d  on t h e  d e s c e n t  s tage .  Also ,  t h e  a s c e n t  p r o p u l s i o n  
s t a g e  i s  t o  c o n t a i n  a s e p a r a t e  gu idance  package preprogrammed 
f o r  a b o r t  ( i . e . ,  r e t u r n  t o  c i r c u l a r  o r b i t )  d u r i n g  t h e  e n t r y  
sequence .  Af te r  l a n d i n g ,  t h i s  same gu idance  package can be 
reprogrammed f o r  s u r f a c e  launch  t o  t h e  low c i r c u l a r  c o a s t  o r b i t .  
S u r f a c e  l aunch  programming commands are  g i v e n  b y  t h e  p a r e n t  
module o p e r a t i n g  i n  c o n j u n c t i o n  w i t h  t h e  l a n d e d  d e s c e n t  s tage .  

A s  t h e  a s c e n t  s t a g e  a c h i e v e s  c o a s t  o r b i t  ( e i t h e r  b y  
a b o r t  or s u r f a c e  l a u n c h )  t h e  MEM/AS gu idance  s y s t e m  assumes 
c o n t r o l .  Coast  t i m e  i n  c i r c u l a r  o r b i t  i s  s u f f i c i e n t  t o  a l low 
f o r  p o s i t i o n i n g  and o r b i t  d e t e r m i n a t i o n  d u r i n g  which t i m e  
c o r r e c t i o n s  are c a l c u l a t e d  onboard t h e  p a r e n t  module and 
r e l ayed  by  r a d i o  command. 

T r a n s f e r  from t h e  low c i r c u l a r  t o  e l l i p t i c a l  o r b i t  
rendezvous  i s  c o n t r o l l e d  from t h e  p a r e n t  module v i a  r a d i o  com- 
mand gu idance .  The MEM/AS onboard gu idance  package i s  a 
strap-down s y s t e m  c o n s i s t i n g  o f  t h r e e  i n t e g r a t i n g  g y r o s .  In-  
t e g r a t i o n  i s  c o n t r o l l e d  v i a  t he  p a r e n t  module t o  e s t a b l i s h  
t r a n s f e r  and rendezvous  c o r r e c t i o n s .  T h i s  package has been 
c o n s i d e r e d  f o r  unmanned Mars S u r f a c e  Sample R e t r i e v e r  (MSSR). 
I n  r e f e r e n c e  3 t h e  MSSR package ex tended  t o  a manned a s c e n t  
stage gu idance  s y s t e m  i s  estimated t o  b e  5 l b s .  Employing 
t h r e e  packages  f o r  redundancy,* t h e  MEM/AS gu idance  weight  i s  
15  l b s .  

I n  summary, t h e  r e v i s e d  w e i g h t s  f o r  t h e  MEM/AS S&C 
s y s t e m  a re :  

A C S  & Rendezvous P r o p e l l a n t s  1 4  

P r o p e l l a n t  I n e r t s  18  

Guidance,  E l e c t r o n i c s  15 

47 

*For  pu rposes  of t h i s  s t u d y  such  redundancy i s  w a r r a n t e d  
i n  view of t h e  advanced s t a t e - o f - t h e - a r t  o f  t h i s  s y s t e m .  
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E l e c t r i c a l / P o w e r  Group 

The Mercury E l e c t r i c a l / P o w e r  group weighed 510 l b s .  
Of t h i s  1 2 0  l b s  was f o r  t h e  e l e c t r i c a l  sys t em,  340 l b s  f o r  
p r i m a r y  power,  and 50 l b s  f o r  a s e p a r a t e  s q u i b ,  i . e . ,  d i s c o n n e c t  
s y s t e m .  

The e l e c t r i c a l  s y s t e m  breakdown i s  as f o l l o w s :  

- i n v e r t e r s  AC-DC 2 4  

- d i s t r i b u t i o n  ( h i g h l y  92 
r edundan t  heavy,  gage  
s h i e l d e d  w i r i n g )  * 

- l i g h t i n g  4 

TOTAL 1 2 0  

The d i s t r i b u t i o n  we igh t  can  be r educed  by a f a c t o r  o f  
two w i t h  c u r r e n t l y  a v a i l a b l e  l i g h t  we igh t  " f l a t - e d g e "  w i r i n g .  
By d i r e c t  e l i m i n a t i o n  of Mercury subsys tems i n  t h e  MEM/AS a t  
l e a s t  an  a d d i t i o n a l  7 0 %  r e d u c t i o n  can  be a c h i e v e d .  On t h i s  
basis ,  MEM/AS e l e c t r i c a l  system we igh t  i s  approx ima te ly  20 l b s .  

( e a c h )  s i l v e r - z i n c  b a t t e r i e s ,  e a c h  ra ted  a t  3000 w h r s ,  
s u p p l y i n g  2 4 , 0 0 0  w h r s  f o r  t h e  e n t i r e  m i s s i o n .  The s p e c i f i c  
power a v e r a g e  i s  approx ima te ly  70  w h r / l b .  which i s  p e r h a p s  10%-20% 
less  t h a n  t h e  c u r r e n t  s t a t e - o f - t h e - a r t .  P r o r a t i n g  the  power 
r e q u i r e m e n t s  on a t i m e  basis y i e l d s  a power r e d u c t i o n  f a c t o r  o f  
12/72 o r  .17 ( b a s e d  upon the  3 day  Mercury m i s s i o n ) .  I n  view 
o f  t h e  e l i m i n a t i o n  o f  ECS and r e e n t r y  s y s t e m s ,  and r e d u c t i o n s  
i n  t e l e m e t r y ,  communications,  and numerous o t h e r  subsys t ems ,  
t h i s  power f a c t o r  e s t i m a t e  i s  q u i t e  c o n s e r v a t i v e .  A minimum 
1/3 power r e d u c t i o n  on a p e r  u n i t  t i m e  basis  f o r  MEM/AS ( p a r t i -  
c u l a r l y  a r e s u l t  o f  reduced  p r ime  communications power n e e d s )  
i s  a p p r o p r i a t e .  Coupled wi th  a n  e s t i m a t e d  1 0 %  s p e c i f i c  power 
i n c r e a s e  based on c u r r e n t  t echno logy  ( i t  i s  presumed t h a t  a s c e n t  
s t a g e  b a t t e r i e s  are  a c t i v a t e d  a t  a b o r t  o r  immediately p r i o r  t o  
s u r f a c e  l a u n c h )  t h e  r e s u l t i n g  we igh t  f r a c t i o n  i s  10% o f  Mercury ' s ,  
or 34 l b s  

The Mercury power s y s t e m  c o n s i s t e d  of  e i g h t  42  l b s  

and which y i e l d s  a t o t a l  power supp ly  o f  2600 w h r s .  

Major Mercury s q u i b  ( o r  s e p a r a t o r )  s y s t e m  weight 
p e n a l t y  i s  i n c u r r e d  a t  t h e  a d a p t e r ,  r e t r o p r o p u l s i o n  and land-  
i n g  s y s t e m s  i n t e r f a c e s .  
p l a n e  o c c u r s  a t  f i n a l  s t a g i n g  f o r  which 5 l b s  i s  a l l o c a t e d .  

I n  MEM/AS t h e  on ly  major  s e p a r a t i o n  

*It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  t o t a l  we igh t  o f  w i r i n g  
f o r  combined Mercury subsys t ems  was 500 l b s .  
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The t o t a l  MEM/AS e l e c t r i c  power group weight  i s  
t h e r e f o r e  es t imated a t  59 l b s .  

MEM/AS Weights Summary 

p r e v i o u s  d i s c u s s i o n s  i s  shown i n  T a b l e  2 .  Al lowing 20% of  
s y s t e m s  we igh t s  e x c l u d i n g  crew, crew s y s t e m s ,  and p a y l o a d ,  f o r  
small s y s t e m s  backup and b y p a s s  c o n t i n g e n c i e s  t h e  t o t a l  we igh t  
i s  738 l b s .  

The w e i g h t s  summary f o r  t h e  MEM/AS c a p s u l e  based on 

Two-Man Capsule  S c a l i n g  Comparison 

The r a t i o s  o f  Gemini/Mercury wet ted  area and diameter 
are  1 . 8 0  and 1 . 2 5  r e s p e c t i v e l y .  The subsys tem weight  of  a two- 
man v e h i c l e ,  as d e r i v e d  from these  s c a l i n g  f a c t o r s ,  i s  g i v e n  i n  
Table  3. The t o t a l  v e h i c l e  weighs an es t imated 1360 l b s .  

Conc lus ions  and Comments 

Upon c a r e f u l  s c r u t i n y ,  t h e  4 6 0 0  l b  Mercury 
l a u n c h  weight d i m i n i s h e s  markedly when t a i l o r e d  t o  t h e  s u g g e s t e d  
ground r u l e s  and c o n s t r a i n t s  o f  t h e  manned Mars r e t u r n  c a p s u l e .  

It i s  concluded  t h a t  uDon e l i m i n a t i o n  of  Mercury de- 
s i g n  c o n s t r a i n t s  c o n s i s t e n t  w i t h  a Mars a s c e n t  c a p s u l e  m i s s i o n  
p r o f i l e  ( i . e . ,  r e e n t r y ,  s u r f a c e  l a u n c h  a b o r t  c a p a b i l i t y ,  and 
l i f e  s u p p o r t  redundancy)  t h e  weight  o f  a " d e r i v a t i v e "  Mercury 
s p a c e c r a f t  i s  r educed  from 4600 l b s .  ( a t  l a u n c h )  to under  
800 l b s .  Advances beyond t h e  c u r r e n t  s t a t e - o f - t h e - a r t  have n o t  
been  i n c l u d e d  to a c h i e v e  t h e s e  r e d u c t i o n s .  Employment o f  ad- 
vanced s y s t e m s  coup led  w i t h  r e f i n e m e n t s  i n  o p e r a t i o n a l  proce-  
d u r e  would undoubtedly  r e s u l t  i n  s u b s t a n t i a l  added weight  
r e d u c t i o n s .  

Some o f  t h e  more i m p o r t a n t  i m p l i c a t i o n s  o f  t hese  re-  
s u l t s  a re :  

1. One-man MEM ascent c a p s u l e  weight  seems t o  b e  compa- 
t i b l e  w i t h  MSSR launch  c a p a b i l i t y  to a h i g h l y  
e l l i p t i c a l  c a p t u r e  o r b i t ,  and 

2 .  A two-man MEM of  l ess  t h a n  35,000 l b s .  g r o s s  weight  
appears to b e  f e a s i b l e .  

1 0  13-MHS- j dc . H .  Skeer  

At tachments  F i g u r e s  1 - 3 
R e f e r e n c e s  
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TABLE 2 

MEM/AS Useful Load Weight Breakdown 

Item 

Structure 

St ability & Cont rol/Rendezvous 

Instrumentation & Navigation 

Electrical/Power Group 

Communication 

Telemetry 

Crew Systems 

Crew 

Payload 

Contingency for Redundancies 

Weight (lbs) 

200 

47 

20 

59 

5 

10 

140 

1 7 0  

20 

67 

738 
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TABLE 3 

Two-Man MEM/AS U s e f u l  Load Weight Breakdown 

Item 

Structure 

Stability and Control 

Instrumentation & Navigation 

Electrical/Power Group 

Communications 

Telemetry 

Crew Systems 

Crew 

Payload 

Contingency for Redundancies 

Weight (lbs) 

396 

101 

22 

65 

5 

11 

280 

340 

20 

120 
1360 

Comments 

1.8 w m *  t 10% 

2 W(1) t 10% 

W(1) t 10% 

W(1) + 10% 

* 
W(1) = one man ascent capsule subsystem weight 
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J. M. West/AD 

MSFC 

Messrs. J. W. Carter/R-AS-V 
R. J. Harris/R-AS-VP 
F. L. Williams/R-AS-DIR 

Messrs. R. J. Cerrato/MC 
J. P. Claybourne/EDV4 
R. C. Hock/DF 

J. P. Downs 
D. R. Hagner 
P. L. Havenstein 
W. G. Heffron 
J. J. Hibbert 
W. C. Hittinger 
B. T. Howard 
D. B. James 
H. S. London 
K. E. Martersteck 
R. K. McFarland 
J. Z. Menard 
I. D. Nehama 
G. T. Orrok  
I. M. Ross 
P. S. Schaenrnan 
R. L. Selden 
R. V. Sperry 
J. M. Tschirgi 
R. L. Wagner 
J. E. Waldo 
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